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(54) Coating composition having improved acid etcli resistance 



(57) The present invention is directed to a coating 
composition particularly useful as a clear coating ap- 
plied over a pigmented base coating, winereln the clear 
coating has improved resistance to man-ing and to acid 
etching when exposed to natural weathering conditions. 
The clear coating is particularly useful as an automotive 
OEM clear coating or as a refinish clear coating. The 
coating has two components. Component A of the coat- 
ing composition Includes a melamlne and an acrylosl- 
lane polymer of a polymerized monomers mixture, 



which includes an alkyi methacrylate, an alkyi acryiate, 
cycloaliphatic alkyi methacrylate, cycloaliphatic alkyi 
acryiate, styrene or any mixture of these monomers; hy- 
droxy alkyi methacrylate, hydroxy alkyi acryiate or any 
mixtures of these monomers; and a mono-ethylencally 
unsaturated silane monomer. Component B of the com- 
position includes an organic polyisocyanate as a 
crossllnking agent. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

[0001] This invention is directed to coating connpositions, in particular, to a high solids clear coating composition 
used as a clear coating applied over a base coating on a motor vehicle. The cured clear coating of the present Invention 
has improved acid etch resistance in comparison to conventional clear coatings currently In use. 

10 

2. Description of the Prior Art 

[0002] The finish of choice presently being used on the exterior of automobiles and trucks includes a clear coating 
applied over pigmented base coating. The clear coating provides protection to the pigmented base coating and im- 
15 proves the appearance of the overall finish, such as gloss and distinctness of image. Conventional clear coatings tend 
to have low acid etch resistance. Acid etching occurs when the clear coaling is exposed to acid rain and other air 
pollutants. 

[0003] Typically, the binder of a conventional clear coating composition contains crossllnking agents such as, a mela- 
mine component, as shown in EP 0 708 159 A2, EP 0 135 741 and DE 195 29 124 C 1 . By increasing the amount of 

20 the melamine component, it generally reduces the acid etch resistance but does improve the mar resistance that also 
is an important property of a clear coating. Clear coatings compositions containing acrylosllane polymers have been 
used to improve mar and acid etch resistance are shown in Hazan et ai U.S. Patent 5,066,698 issued Nov. 1 9, 1991 , 
Nordstrom et a! U.S. Patent 5,532,027 issued July 2, 1996 and Lewin et ai U.S. Patent 5,684,084 Issued Nov. 4, 1997. 
However, acrylosllane polymers significantly increase the cost of the clear coating compositions. To date, none of the 

25 clear coating compositions currently in use have the necessary balance of physical properties, in particular acid etch 
resistance, along with low cost desired for an automotive OEM (original equipment manufacturing) clear coating com- 
position. 

[0004] Thus, there is a need for an OEM clear coating composition for automobiles and trucks that will fonn finishes 
that are resistant to acid etching and water spotting caused by acid rain and has the desired costs. 

30 

SUMMARY OF THE INVENTION 

[0005] A coating composition comprising 40% to 75% by weight of a film fonning binder and 25% to 60% by weight 
of a volatile liquid can-ierforthe binder; all weight percentages are based on the total weight of the composition; wherein 
35 the binder comprises 

a. 20% to 70 % by weight, based on the weight of the binder solids, of an acrylosllane polymer of polymerized 
monomers from a monomer mixture comprising: an alkyi methacrylate, an alkyi acrylate, each having 1 to 12 
carbon atoms in the alkyi group, cycioaiiphatic alkyi methaciylate, cycloaliphatic alkyi acrylate, styrene or any 
40 mixture of these monomers; hydroxy containing monomers from the following group: hydroxy alkyi methacrylate, 

hydroxy alkyi acrylate each having 1 to 4 carbon atoms in the alkyi group, or any mixtures of these monomers; 
and a mono-ethylenicaily unsaturated silane monomer; 

wherein the polymer has a weight average molecular weight of 1,000 to 15,000 detemnined by gel penneation 
chromatography; 

45 b. 1 0% to 60% by weight, based on the weight of the binder solids, of an organic polylsocyanate; and 

c. 5% to 40% by weight, based on the weight of the binder solids, of a melamine component. 

DETAILED DESCRIPTION OF THE INVENTION 

so [0006] A typical auto or truck body is produced from a steel sheet or a piastte or a composite substrate. If steel is 
used, it is first treated with an inorganic rust-proofing compound, such as zinc or iron phosphate and then a primer 
coating is applied by electrodeposition. Typically, these electrodeposition primers are epoxy modified resins crosslinked 
with a polylsocyanate. Such electrodeposition primers are applied by a cathodic electrodeposition process. Optionally, 
a primer can be applied over the electrodeposited primer, usually by spraying, to provide better appearance and/or 

55 improved adhesion of the base coating to the primer. A pigmented base coating is then applied. 

[0007] A typical pigmented base coating composition includes pigment, a film fomiing binder which can be a poly- 
urethane, an acrylourethane, an acrylk: polymer or a silane polymer, and a crosslinking agent such as, an aminoplast, 
an alkylated melamine fomnaldehyde crosslinking agent or a polylsocyanate crosslinking agent. The base coating 



2 
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composition can be solvent or water borne and can be in the form of a dispersion or a solution. Generally, pigments 
used In the base coating composition include metallic flake pigments, such as aluminum flake or pearl flake pigments. 
[0008] Typically, a clear coating is then applied over the base coating before the base coating is fully cured, a so 
called wet on wet process, and the base coating and clear coating are then fully cured usually by baking at 1 00°C to 
150°C for 45 to 15 minutes. The base coating and clear coating preferably have a dry coating thickness ranging from 
2.5 to 75 microns and 25 to 100 microns, respectively. 

[0009] The clear coat composition of this invention contains 40% to 75% by weight of a film fonning binder and 25% 
to 60% by weight, based on the total weight of the composition, of a volatile organic liquid carrier, that usually is a 
solvent tor the binder and volatilizes at 35°C and above. The clear coating also can be in dispersion form. The film 
forming binder of the clear coating composition contains 20% to 70% by weight, preferably, 30% to Pn% by weight and 
most preferably, 35% to50% by weight, of an acrvlosilane Dolymer having renr^ive silane andtivaiowi nrnnos; 10% 
to 60% by weight, preferably, 1 5% to 40% by weight and most preferably, i:5% to 35% Dy weignt, of an organic polyiso- 
cyanate crosslinking agent and 5% to 40% by weight, preferably, 10% to 35% by weight and most preferably, 1 5% to 
30% by weight, of a melamine component. All the foregoing percentages are based on the total weight of the binder 
solids. Preferably, the ratio o( isocyanate groups of the organic polyisocyanate to hydroxyl groups of the acrylosilane 
polymer ranges from 0.4:1 to 1 .3:1 . 

[0010] The acrylosilane polymer comprises polymerized non-sllane containing monomers of alkyi methacrylates, 
alkyi acrylate, each having 1 to 12 carbon atoms in the alkyI groups, cycloallphatic alkyi methaciylate, cycloallphatic 
alkyI acrylate, styrene or mixtures of any of the above monomers. The acrylosilane polymer also comprises polymerized 
hydroxy containing monomers such as hydroxy alkyi methacrylate, hydroxy alkyi acrylate, each having 1 to 4 carbon 
atoms in the alkyi group or a mixture of these monomers and one or more polymerized mono ethylenteally unsaturated 
silane monomers. The acrylosilane polymer has a weight average molecular weight of 1 ,000 to 15,000 and preferably, 
3,000 to 12,000. 

[0011] All molecular weights disclosed herein are determined by gel penneation chromatography (GPC). 
[0012] One nrofarred acn/losils"" nolymer is the polymerization product of 35% to 75% by weight of non silane 
containing monomers oi an alkyi meihafsruiate, an alkyi acrvlate each having 1 to 8 carbon atonfis in the alkyi group, 
styrene or mixtures of these mononieis., csrjo to 40% by weignt of hydroxy alkyi methacrylate having 1 to 4 carbon 
atoms in the alkyi group; and 5% to 25% by weight of a mono-ethylentealiy unsaturated silane containing monomer. 
[001 3] Typically useful ethylenteally unsaturated non-silane containing monomers are alkyi acrylates, alkyi methacr- 
ylates where the alkyi groups have 1 to 12 carbon atoms such as methyl methacrylate, ethyl methacrylate, propyl 
methacrylate, butyl methacrylate, isobutyl methacrylate, pentyl methacrylate, hexyl methacrylate, octyl methacrylate, 
nonyl methacrylate, lauryl methacrylate; methyl acrylate, ethyl acrylate, pnjpyl acrylate, butyl acrylate, isobutyl acrylate, 
pentyl acrylate, hexyl acrylate, octyl acrylate, nonyl acrylate, and lauryl acrylate. Cycloaliphatic alkyi methacrylates 
and acrylates can also be used, for example, such as cyclohexyl methacrylate, cyclohexyl acrylate, trimethylcyclohexyl 
methacrylate, trimethylcyclohexyl acrylate, iso-butyl cyclohexly methacrylate, t-butyl cyclohexyl acrylate, t-butyl cy- 
clohexyl methacrylate, isobomvl methacn/iate and isobornwl onrviatR. Aryl acrylate and aryl methacrylates can also be 
used, for example, such as oenzyl acrylate and benzyl meinacry:::-3. Mixtures of two or more of the above mentioned 
monomers are useful In formulating the polymer with 0ie desired characteristics. 

[0014] In addition to alkyi acrylates or methacrylates, other non-silane containing polymerizable monomers in 
amounts up to 50% by weight of the polymer can be used in a silane polymer for the purpose of achieving the desired 
physteal properties such as, hardness, appearance, and mar resistance. Exemplary of such other monomers are sty- 
rene, methyl styrene, acrylamide, acrylonitrile, and methacrylonitrile. Styrene can be used in the range of 0% to 50% 
by weight, based on the weight of the polymer. 

[0015] Hydroxy functional monomers may be incorporated into the silane polymer to produce a polymer having a 
hydroxy number of 20 to 200, preferably 80 to 160 and more preferably, 120 to 150. Typically useful hydroxy functional 
monomers are hydroxy alkyi methacrylates and acrylates such as hydroxy ethyl methacrylate, hydroxy propyl meth- 
acrylate, hydroxy butyl methacrylates, hydroxy isobutyl methacrylate, hydroxy ethyl acrylate, hydroxy propyl acrylate, 
and hydroxy butyl acrylate. 

[0016] Typical commercial hydroxy functional monomers can contain up to 1% by weight of acrylfe or methacrylic 
acid. During polymerization, the acid can cause side reactions involving the silane monomers that broaden the molec- 
ular weight distribution of the acrylic polymer which will have harmful effects on solids content of the coating compo- 
sition, stability of the coating oompositon and even cause gelation during copolymer preparatfon. Preferably the acid 
content of these hydroxy monomers should be limited to about 0.1% by weight. 

[001 7] A suitable silane containing monomer useful in forming an acrylosilane polymer is a silane having the following 

structural formula: 
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wherein R is either CH3, CHgCHj, CH3O, or CH3CH2O; and R2 are CH3 orCHgCHa; R3 iseitherH, CH3, orCHaCHa; 
and n is 0 or a positive integer from 1 to 10. Preferably, R Is CH3O or CH3CH2O and n Is 1 . 
[0018] Typical examples of such sllanes are tlie acrylate alkoxy sllanes, such as gamma acryloxypropyltrimethoxy 
sllane and the methacrylatoalkoxy sllanes, such as gamma-methacryloxypropyltrlmethoxy silane or gamma trimethoxy 
sllyl propyl methactylate, and gamma trimethoxy silyl propyl acrylate, and gamma-methacryloxypropyltris(2-methox- 
yethoxy) sllane. 

[001 9] Other suitable sllane monomers have the folkiwing structural fomiula: 



wherein R, R^ and R2 are as described above and n is 0 or a positive integer from 1 to 10. 

[0020] Examples of such sllanes are the vinylalkoxy sllanes, such as vinyltrimethoxy sllane, vinyltriethoxy silane and 
vinyltrl6(2-methoxyethoxy) sllane. 

[0021] Other useful sllane containing monomers are acyloxysllanes, including acrylatoxy silane, methacrylatoxy si- 
lane and vinylacetoxy silanes, such as vinylmethyl diacetoxy sllane, acrylatopropy) triacetoxy sllane, and methacryiat- 
opropyltriacetoxy silane. Mixtures of the above-mentioned silane-containing monomers are also suitable. 
[0022] Consistent with the above mentioned components of the acrylosilane polymer, the following is an example of 
an acrylosilane polymer useful in the coating composrtion of this invention that contains the following constituents: 1 5% 
to 30% by weight styrene, 30% to 50% by weight isobutyi methacrylate, 15% to 30% by weight hydroxy ethyl meth- 
acrylate, and 15% to 30% by weight of methacryloxypropyl trimethoxy sllane. All of the above percentages are based 
on the weight of the acrylosilane polymer. 

[0023] Typical polymerization catalysts used to form the acrylosilane polymer are azo type catalysts, such as azo- 
bis-isobutyronitrile, acetate catalysts, such as t-butyl peracetate, peroxide catalysts, such as dl-t-butyl peroxide, ben- 
zoate catalysts, such as t-butyl perbenzoate, and octoate catalysts, such as t-butyl peroctoate. 
[0024] Typical solvents that can be used to polymerize the monomers and to fonn the coating composition are ke- 
tones, such asTnetnyi amyi ketone, isobutyi ketone, methyl ethyl ketone, aromatic hydrocarbons solvents, such as 
toluene, xylene, Solvesso® 1 00 aromatic solvent, ethers, esters, alcohols, acetates and mixtures of any of the above. 
[0025] The coating composition can contain from 1% to 20% by weight, based on the weight of binder solids, of a 
polyester resin whteh is the esterification product of a dicaiboxylic acid or anhydride, a polyol having at least three 
reactive hydroxyl groups , a diol, and a cyclic ateohol and having a number average molecular weight in the range of 
500 to 4,000. One prefen-ed polyester resin Is the esterifteatlon product of adipic acid, trimethylol propane, hexanediol, 
hexahydrophathallc anhydride and cyclohexane drnethanol. Also, the coating composition can contain from 1% to 
20% by weight, based on the weight of binder solids, of an hydroxy functional acrylic resin (without sllane functionality). 
Such resins are similar to the aforementioned acrylosilane resins but without the sllane functionality. 
[0026] Any of the conventional aromatic, aliphatic, cycloallphatk:, polylsocyanates, trifunctional Isocyanates and iso- 
cyanate functional adducts of a polyol and a dlisocyanate can be used In the novel coating composition of this Invention . 
Typically useful diisocyanates are 1 ,6-hexamethylene dlisocyanate, isophorone dlisocyanate, 4,4'-bisphenylene dliso- 
cyanate, toluene dlisocyanate, bis cyciohexyl diisocyanate, tetramethylene xylene dlisocyanate, ethyl ethylene diiso- 
cyanate, 2,3-dimethyl ethylene diisocyanate, 1-methyltrimethylene diisocyanate, 1 ,3-cyclopentylene diisocyante, 
1 ,4-cyclohexylene diisocyanate, 1 ,3-phenylene diisocyanate, 1 ,5-naphthalene dlisocyanate, bis-(4-isocyanatocy- 
clohexyl)-methan6, and 4,4'-diisocyanatodiphenyl ether. 

[0027] Typical trifunctional isocyanates that can be used are triphenylmethane trilsocyanate, 1 ,3,5-benzene triiso- 
cyanate, and 2,4,6-toluene triisocyanate. Trimers of diisocyanates also can be used. These trimers may be biurets or 
isocyanurates. Examples are sold under the trade names of DesmodurfB) N3300 orTolonate® HDT (products of Bayer 
Corporation, Pittsburgh, Pennsylvania). These trimers also contain higher oligomers such as pentamers, heptamers, 
etc. that are generated during the process of preparing theses trimers. 



R 
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[002S] One particularly useful isocyanurate Is the isocyanurate of isophorone dllsocyanate. 

[0029] Isocyanate functional adducts that are formed from an organic polyisocyanate and a polyol can be used. Any 

of the aforementioned polyisocyanates can be used with a polyol to form an adduct. Polyols, such as trimethylol alkanes, 

particularly trimethylol propane or ethane can be used. One useful adduct is the reaction product of tetramethylxylidene 

dllsocyanate and trimethylol propane and is sold as Cythane® 3160 by Cytec Industries Inc., West Patterson, New 

Jersey. 

[0030] The melamine component used in the novel coating composition of this invention includes suitable monomeric 
or polymeric melamines or combinations thereof. 

[0031 ] Alkoxy monomeric melamines that can be used are low molecular weight melamines that contain on an av- 
erage three or more methylol groups reacted with a monohydric alcohol having 1 to 5 carbon atoms, such as methanol, 
propanol, n-butanol and isobutanol and has an average degree of condensation of less than 2 and preferably, in the 
range of about 1 . 1 to 1 .8. Polymeric alkoxy melamines having a degree of condensation of 2 or more are also suitable. 
[0032] Suitable monomeric melamines include highly alkylated melamines, such as methylated, butylated, Isobutylat- 
ed melamines and mixtures thereof. More particularly hexamethylol melamine, trimethylol melamine, partially methyl- 
ated hexamethylol melamine and pentamethoxyl methyl melamine are preferred. Partially methylated and butylated 
melamines are more preferred. 

[0033] Many suitable melamines are supplied commercially For example, Cytec Industries Inc. West Patterson, New 
Jersey supplies methylated melamines such as Cymel®301 Cymel®303, 325, 327, 350 and 370. Partially methylated 
and butylated melamine resins such as Cymel ®1168 are partteularly useful. Polymeric melamines that can be used 
include high Imino melannines, such as Resimine® BMP 5503 supplied by Solutia Inc. St. Louis, Missouri, or Cymel® 
1158, 1130, or 1133 supplied by Cytec Industries Inc. 

[0034] Curing catalysts, are generally used in the coating composition in amounts of 0.1% to 5% by weight, based 
on the weight of the binder, for catalyzing the crosslinking of the acrylosilane polymer with the isocyanate moieties of 
the polyisocyanate and the melamine component. Preferred is a mixture of a blocked sulfonic acid catalyst and an 
alkyi or aryl add phosphate catalyst, such as butyl acid phosphate or phenyl acid phosphate. Typical blocked acid 
catalyst are dodecyl benzene sulfonic acid blocked with an amine, such as amino methyl propanol or dimethyl oxazo- 
lidine. Blocked toluene sulfonic acid can also be used. 

[0035] The coating composition Is provided as a two component composition . In a typical two component comoosition, 
component A, which contains the acrylosilane polymer, melamine component, ana isiocKed acid catalyst is mixeu jusi 
beiore application of the coating composition with component B. which contains the polyisocyanate crosslinking agent 
and the acid phosphate catalyst. The mixture of components A and B is applied usually by conventional spraying or 
electrostatic spraying. 

[0036] Other catalysts that can be used to Improve the cure rate of the composition, include dibutyl tin dilaurate, 
dibutyl tin diacetate, dibutyl tin dfchloride, dibutyl tin dibromide, triphenyl boron, tetraisopropyl titanate. triethanolamine 
titanate chelate, dibutyl tin dioxide, dibutyl tin dioctoate, tin octoate, aluminum titanate, aluminum chelates, zirconium 
chelate, and other such catalysts or mixtures thereof known to those skilled in the art. Tertiary amines and acids or 
combinations thereof are also useful for catalyzing silane bonding. Other silane curing catalysts disclosed In U.S. 
Patent 4,923,945, column 15 to column 17, are herein incorporated by reference. 

[0037] To improve the weatherability of the clear coating, ultraviolet light stabilizers or a combination of ultraviolet 
light stabilizers can be added to the clear coat composition In the amount of 0.1% to 10% by weight, based on the 
weight of the binder Such stabilizers include ultraviolet light absorbers, screeners, quenchers, and specified hindered 
amine light stabilizers. Also, an antioxidant can be added, in the amount 0.1% to 5% by weight, based on the weight 

of the binder. 

[0038] Typical ultraviolet light stabilizers that are useful include ber'^iDhfinr>n«s. triazoles, triazlnes, benzoates, hin- 
dered amines and mixtures thereof. Speclfte examples of ultraviolet siaolllzers . -isclosed In U.S. Patent 4,591 ,533, 
the entire disclosure of which Is Incorporated herein by reference. For good durability, a blend of Tinuvin® 1130, 384 
and 123 (hindered amine light stabilizers), all commercially available from Clba Specialty Chemicals, Tarrytown, New 

York is preferred. 

[0039] The clear coating composition may also Include other conventional fonnulatlon additwes such as flow control 
agents, for example, such as Resiflow®S (polybutylactylate), BYK® 320 and 325 (high molecular weight polyacrylates); 
and rheology control agents, such as fumed silica. 

[0040] Conventional solvents and diluents described above are used to disperse or dilute the above mentioned 
polymers of the clear coating composition. 

[0041] Typical base coating compositions used in combination with the clear coating compositkin, comprise as the 
film forming binder, a polyurethane, an acrylourethane, a silane resin, an acrylc resin or a polyester resin or mixtures 
of the aforementioned components and a crosslinking agent, such as a polyisocyanate or an alkylated melamine resin. 
The base coating composition can be waterborne or solvent based solution or dispersion. The base coating composition 
can contain conventional pigments including metallfc flake pigments, such as aluminum flake. 
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[0042] Both the base coating composition and the clear coating composition can be applied by conventional tech- 
niques, such as spraying, electrostatic spraying, dipping, brushing, and flow coating. 

Testing Proceedures used in the Examples 

5 

[0043] 20° Gloss - test method ASTM D523 - a rating of at least 80 is an acceptable minimum. 

[0044] DOI - distinctness of image - test method ASTM D5767 - a rating of at least 80 is an acceptable minimum. 

[0045] Hardness - Tukon Hardness - test method ASTM D 1 474. 

10 Crockmeter - Dry Mar Resistance 

[0046] The clear coating of the panel was coated with a thin layer of Bon Ami abrasive supplied by Faultless Starch/ 
Bon Ami Corporation, Kansas City, Missouri. The panels were then tested for mar damage by applying 10 double rubs 
against a green felt wrapped fingertip of A.A.TC.C. Crockmeter (Model CM-1. Atlas Electrk: Devices Corporation, 
J5 Chicago, Illinois), The dry mar resistance was recorded as percentage of gloss retention by measuring the 20'gloss 
of the mar areas versus the non-marred areas of the coated panels. 

Crockmeter-Wet Mar Resistance 

20 [0047] Similar procedure was used as above except that a wet alumina slurry was used instead of the Bon Ami 
abrasive. The alumina slurry consisted of 294 parts deionized water, 21 parts ASE-60® Thickner, 25 parts AMP 95% 
aqueous solution of amino methyl propanol and 7 parts of aluminum oxide (120# grit) 

Acid Etch Resistance Test 

25 

[004S] 10.16 X 30.48 cm (4 x 12 inches) primed steel panels coated with a black waterbome polyester modified 
acrylk: melamine base coating were sprayed with a clear coating composition prepared in the Example and cured for 
30 minutes at 140°C.The resulting panel was tested on aByk Gradient oven^ programmed with a temperature gradient 
that is 40°C at the bottom of the gradient and 90°C at the top of the gradient. 0.1 N sulfurk: acid solution drops are 

30 placed on the panel at 5°C intervals. The panels reside in the gradient oven for 30 minutes and then were rinsed with 
water. The degree of damage at each spot where the acid solution was dropped is evaluated vs. a control clear coating 
composition. The control clear coating composition is a two component commercial acrylic polyurethane. The perform- 
ance of the clear coating u nder test is judged by the accumulated degree of damage that occurs over the entire gradient. 
The damage scale is 0-10 with 10 being the most damage. The commercial clear coating composition (control) has a 

35 degree of damage of 6 and any acceptable clear coating composition must have a degree of damage of 6 or less. 
[0049] The following examples illustrate the invention. All parts and percentages are on a weight basis unless oth- 
enwise indicated. Molecularweights are detennined by GPC (Gel Permeation Chromatography) using polymethyl meth- 
acrylate as the standard. 

40 EXAMPLE 1 

[0050] An acrylosilane polymer solution was first prepared and used to form Coating Composition I. 

[0051] An acrytosilane polymer solution was prepared by copolymerizing in the presence of a 2/1 Solvesso® 100 

Aromatic Solvent/butanol mixture, 20 parts by weight styrene (S), 31 .5 parts by weight hydroxyethyl methacrylate 

45 (HEMA), 10 parts by weight methacryloxypropyl trlmethoxy sllane (MAPTS) and 25.9 parts by weight isobutyl meth- 
acrylate (IBMA) and 1 2.6 parts by weight of 2-ethylhexyl acrylate (2EH A)ln the presence of 8 parts by weight of Vazo® 
67 supplied by E.I. duPont de Nemours and Company. The resulting polymer solution had a 62% solids content and 
a viscosity of X-Y on the Gardner Holdt scale measured at 25 °C. The polymer composition was 20%S/31 .5%HEMA/ 
1 0%MAPTS/25.9%IBMA/12.6%2EHA and had a weight average molecular weight of 4800. 

so [0052] A Coating Composition I was fomiulated by blending together the following ingredients: 



Portion A 



Parts by Weight 



Acrylosilane Polymer Solution (prepared above) 

Acrylic hydroxy functional resin solution (66% solids in a 90/1 0 Solvesso® 1 00 aromatic solvent/ 
butyl acetate of an acrylk; resin of styrene/butyl methacrylate/2-hydroxy ethyl actylate having a 
weight average molecular weight of 5500) 



141 
40 



55 
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Portion A 

CymeKB 303 - hexamethoxy methylol melamine 
Acrylic microgel resin (rheology control agent) 

A mixture of UV and Hindered Amine Light Stabilizers (HALS) (19.7%Tinuvin® 1130, 16.7% 
Tinuvin ® 384. 4.1% Tinuvin® 123 and 14.7% Tinuvin ® 079 in 44.8% Solvesso® 1 00 Aromatic 

Solvent) 

Flow contnsl additive Disparlon® LC-955 (Vinyl polymer with silicone additive 10% solids in 
aromatic solvents from King Industries, Inc., Norwalk, Connecticut) 

Dodecylbenzene Sulfonic Acid Solution (33% solids in methanol and blocked with amino methyl 
propanol) 
Butanol 

Solvesso® 100 Aromatic Solvent 
Ethyl 3-ethoxy propionate 
Total 



297.1 



[0053] Portion A was charged into a mixing vessel and diluted to a 35 seconds viscosity measured on a #2 Fisher 
cup with ethyl 3-ethoxy propionate solvent. 

[0054] Portion B was prepared by mixing 100 parts of a hexamethylene diisocyanate trimer solution (72% solids 
Desmodur® 3300 in a 50/35/15 by weight mixture of n-butanol, xylene and aromatic hydrocarbon solvent) with 1 part 
pheny acid phosphate. 

[0055] Coating Composition I was prepared by mixing 3 parts of Portion A with 1 part of Portion B and diluted to a 
spray viscosity of 35 seconds measured on a #2 Fisher with ethyl 3-ethoxy propionate solvent. 
[0056] Steel panels electrocoated with a conventional primer were spray coated with a black waterbome polyester 
modified acrylic melamine base coating composition and after a 1 0 minute wait were prebakedfor 10 minutes at 83°C 
and then the above prepared clear Coating Composition 1 was sprayed on to provide a 50 mcron thick film (dry film 
thickness) when cured and then the panels were baked at 1 40°C for 30 minutes to form a base coat/clear coat coating 
having a Tukon Hardness of 13.3 knoop units, a 20° gloss of 89 , a DOI - distinctness of image of 96, Crockmeter gloss 
retention under dry conditions of 90% and 90% under wet conditions (1 00% gloss retention - no damage by the test). 

EXAMPLE 2 

[0057] Coating Composition II was prepared in accordance with the process described above in Example 1 for Coat- 
ing Composition I except that in Portion A Cymei® 1 1 68 which is a partially methylated and butylated melamine resin 
at 1 00% solids was substituted for the Cymel® 303 melamine resin, 

[0058] Electrocoated steel panels having a base coating as described in Example 1 were spray coated and baked 
as in Example 1 to fonn a base coat/ clear coat coating having a Tukon Hardness of 14.8 knoop units, a 20''gloss of 
90, a DOI - distinctness of image of 97, crockmeter gloss retention of 84% under dry conditions and 80% under wet 
conditions. 



C0I\/1PARATIVE EXAMPLE 3 



[0059] This was a comparative example in which the auxiliary melamine crosslinking resin was omitted from the 
coating composition. 

[0060] Comparative Coating Composition Hi was fomnulated by blending together the following ingredients: 



Portion A 



Acrylosilane Polymer Solution (prepared in Example 1) 

Acrylte hydroxy functional resin solution (described in Example 1 ) 

Acrylic mterogel resin (rheology control agent) 

Mixture of UV and Hindered Amine Light Stabilizers (HALS) (described in Example 1) 
Flow control additive Disparlon® LC-955 (described in Example 1) 
Dodecylbenzene Sulfonic Acid Solution (described in Example 1) 
Solvesso® 1 00 Aromatic Solvent 



112.9 
44.8 
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(continued) 



Portion A 


Parts by Weight 


Ethyl 3-ethoxy propionate 
Total 


20 
2235 



[0061] Portion A was charged into a mixing vessel and diluted to a 35 seconds viscosity measured on a #2 Fisher 
cup with ethyl 3-ethoxy propionate solvent. 

[0062] Portion B was prepared by mixing 76 parts of a hexamethylene diisocyanate trimer solution (72% solids 
Desmodur ® 3300 In a 50/35/15 by weight mixture of n-butanol, xylene and aromatic hydrocarbon solvent) with 0.9 
parts phenyl pheny acid phosphate. 

[0063] Comparative Coating Composition III was prepared by mixing Portion A with Portion B and was diluted to a 
spray viscosity of 35 seconds measured on a #2 Fisher with ethyl 3-ethoxy propionate solvent. 
[0064] Steel panels electrocoated with a conventional primer were spray coated with a black watertiome polyester 
modified acrylic melamine base coating composition and after a " 0 minute wait were prebaked for 1 0 minutes at 83 
°C and then the above prepared clear Comparative Coating Composition III was sprayed on to provide a 50 mcron 
thick film (dry film thickness) when cured and then the panels were baked at 140 "C for 30 minutes to form a base 
coat/clear coat coating having a Tukon Hardness of 12 knoop units, a 20° gloss of 90, a DO! - distinctness of image 
of 97, Crockmeter gloss retention under dry conditions of 80% and 75% under wet conditions (100% gloss retention - 
no damage by the test). 

[0065] Crockmeter gloss retention of Comparative Coating Composition III was significantly less than Coating Com- 
posltton I (the Invention) which had Crockmeter gloss retention of 90% both in the dry and wet tests in comparison to 
the 80% (dry) and 75% (wet) gloss retention of Comparative Coating Composition III that did not contain the melamine 
auxiliary crossllnking resin. 

COMPARATIVE EXAMPLE 4 



[0066] This was a comparative example In which the Acrylosilane Polymer Solution was omitted from the coating 
composition. 

[0067] Comparative Coating Composition IV was fomiulated by blending together the following Ingredients: 





Portion A 


Parts by Weight 




Cymel ® 303 (described in Example 1 ) 


40.0 




Acrylic microgel resin (rheology control agent) 


6.5 




Mixture of UV and Hindered Amine Light Stabilizers (HALS) (described In Example 1) 


13.4 




Flow control additive Disparlon® LC-955 (described In Example 1) 


2.2 




Butanol 


1.1 


40 


Dodecylbenzene Sulfonic Acid Solution (described In Example 1) 


6.9 


Solvesso® 1 00 Aromatic Solvent 


20.0 




Ethyl 3-ethoxy propionate 


10 




Portion B 


45 


Hexamethylene diisocyanate trimer solution (described in Example 1) 


90.0 




Phenyl acid phosphate 


0.6 



[0068] Comparative Coating Composition IV was prepared by mixing Portion A with Portion B and was diluted to a 
spray viscosity of 35 seconds measured on a #2 Fisher with ethyl 3-ethoxy propionate solvent. 

50 [0069] Threesetsof steel panels electrocoated with a conventional primerwerespraycoated with a black waterborne 
polyester modified acrylic melamine base coating composition and after a 1 0 minute wait were prebaked for 1 0 minutes 
at 83 °C and then the above prepared clear Comparative Coating Composition IV was sprayed onto one set of panels 
to provide a 50 micron thick film (dry film thickness) whan cured and then the panels were baked at 1 40°C for 30 
minutes to fonn a base coat/clear coat coating. A second set of panels was sprayed with the Coating Composition I 

55 of Example 1 and baked as above and a third set of panels was sprayed with the Comparative Coating Composition 
III of Example 3 and baked as above. Each of the panels was tested for Appearance, Tukon Hardness, Crockmeter 
-Wet Mar Resistance and Acid Etch Resistance. The results of these tests are shown in the following table: 
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Table 



Property 


Example 1 Coating 
Composition 1 


Example 3 Comparative 
Coating Composition III 


Example 4 Comparative 
Coating Composition IV 


Appearance 


Smooth, glossy 


Smooth, glossy 


Heavy Orange Peel 


Tukon Hardness 


17 knoop units 


14 knoop units 


21 knoop units 


Crockmeter- Wet Mar 
Resistance % Gloss 
Retention 


87 


70 


99 


Acid Etch Resistance 


3 


3 


6 



Summary of the above results: 



[0070] The Coating Composition I (the invention) had the best balance of properties of the three compositions. It 
had a good appearance, and good mar and acid etch resistance. Comparative Coating Composition III which did not 
contain the auxiliary melamlne crosslinking resin and is essentially the same as a commercial two component clear 
coating compositions was deficient in mar resistance. Comparative Coating Composition IV that did not contain the 
acrylosilane polymer was deficient in appearance and acid etch resistance. 



Claims 

1 . A coating composition comprising 40% to75% by weight of film fonnlng binder and 25% to 60% by weight of a 
volatile liquid carrier for the binder; wherein the binder comprises 

a. 20% to 70% by weight, based on the weight of the binder solids, of an acrylosilane polymer comprising 
polymerized monomers selected from the group consisting of an alkyi methacrylate, an alkyi acrylate, each 
having 1 to 12 carbon atoms in the alkyi group, cycloaliphatic alkyi methacrylate, cyoloaliphatte alkyi acrylate, 
styrene or any mixture of these monomers; hydroxy containing monomers selected from the group consisting 
of hydroxy alkyi methacrylate, hydroxy alkyi acrylate each having 1 to 4 carbon atoms in the alkyi group, or 
any mixtures of these monomers; and a mono-ethylenkjally unsaturated sllane monomer; and 

wherein the polymer has a weight average molecular weight of 1 ,000 to 1 5,000 determined by gel permeation 
chromatography; 

b. 1 0% to 60% by weight, based on the weight of the binder solids, of an organic polyisocyanate; and 

c. 5% to 40% by weight, based on the weight of the binder solids, of a melamlne component. 

2. The coating composition of claim 1 in whteh the mono-ethylenteally unsaturated silane monomer has the following 
structural formula: 



. I II 
RlQ-Si— CH2— (CH2)n — 0-C-C=CH2 

0R2 r3 

wherein: 

R is selected from the group consisting of CH3, CH3CH2, CH3O, and CH3CH2O; 

Ri and R2 are independently selected from the group consisting of CH3 and CH3CH2; and 

R3 Is selected from the group consisting of H, CH3, and CH3CH2 and n is 0 or a positive integer of 1 to 10. 

3. The coating composition of claim 1 in which the melamlne component is an alkylated melamine. 

4. The coating composition of claim 2 in which the sllane monomer is selected from the group consisting of gamma 
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trimethoxy silyl propyl methacrylate and gamma trimethoxy silyl propyl acrylate, and the melamlne component Is 
a monomeric hexamethoxy melhylol melamine. 

5. The coating composition of claim 4 In which the acrylosilane polymer consists essentially of 35% to 75% by weight, 
based on the weight of the acrylosilane polymer, of polymerized monomers selected from the group consisting of 
alkyi acrylates, alkyi methacrylates each having 1 to 8 carbon atoms in the alkyi group, styrene and any mixtures 
thereof, 20% to 40% by weight, based on the weight of the acrylosilane polymer of polymerized monomers selected 
from the group consisting of hydroxy alkyi methacrylates and hydroxy alkyi acrylates each having 1 to 4 carbon 
atoms in the alkyi groups, and 5% to 25% by weight, based on the weight of the acrylosilane polymer, of the mono 
ethylenlcally unsaturated silane monomer. 

6. The coating composition of claim 5 in which the organic polylsocyanate is a trimer of hexamethyiene diisocyanate 
or the trimer of isophorone diisocyanate. 

7. The coating composition of claim 6 comprises 0. 1 % to 5% weight, based on the weight of the binder, of a mixture 
of a blocked sulfonic acid catalyst, an aryl or alkyi acid phosphate. 

8. The coating composition of claim 7 In which the blocked sulfonic acid catalyst Is a blocked dodecyl benzene sulfonic 
acid and the aryl acid phosphate is phenyl acid phosphate. 

9. The coating composition of claim 1 whteh contains about 0.1% to 10% by weight, based on the weight of the binder, 
of ultraviolet light absorbers and optionally, hindered amine light stabilizers. 

10. The coating composition of claim 1 in whksh the acrylosilane polymer consists essentially of 35% to 75% by weight, 
based on the weight of the acrylosilane polymer, of polymerized monomers selected from the group consisting of 
alkyi acrylates, alkyi methacrylates each having 1 to 8 carbon atoms In the alkyi group, styrene and any mixtures 
thereof, 20% to 40% by weight, based on the weight of the acrylosilane polymer of polymerized monomers selected 
from the group consisting of hydroxy alkyi methacrylates and hydroxy alkyi acrylates each having 1 to 4 carbon 
atoms in the alkyi groups and 5% to 25% by weight, of the mono ethylenlcally unsaturated silane monomer; and 

the organic polylsocyanate is a trimer selected from the group consisting of hexamethyiene diisocyanate or 
the trimer of Isophorone diisocyanate; 

the melamine component is hexamethoxy methylol melamine; and 

the coating composition contains 0.1% to 5% weight, based on the weight of the binder solids, of a mixture of 
catalysts of a blocked sulfonic acid catalyst and atyl or alkyi acid phosphate. 

11. A two component coating composition comprising 

Component A comprising an acrylosilane polymer consisting essentially of 35% to 75% by weight, based on 
the weight of the acrylosilane polymer of polymerized monomers selected from the group consisting of alkyi 
acrylates, alkyi methacrylates each having 1 to 8 carbon atoms in the alkyi group and styrene, 20% to 40% 
by weight, based on the weight of the acrylosilane polymer of polymerized monomers selected from the group 
consisting of hydroxy alkyi methacrylates and hydroxy alkyi acrylates each having 1 to 4 carbon atoms in the 
alkyi groups, and 5% to 25% by weight, based on the weight of the acrylosilane polymer, of the mono ethyl- 
enlcally unsaturated silane monomer, a monomeric alkylated melamine and 0.1% to 2% by weight, based the 
weight of component A, of a blocked dodecyl benzene sulfonic acid and 

Component B consisting of an organic polylsocyanate and 0.1% to 2% by weight, based on the weight of 
Component B, of an aryl acid phosphate catalyst. 

12. A substrate having a base coating of a pigmented coating composition, which Is topcoated with the coating com- 
position of claim 1 . 

13. A process for fonming a coating composition which comprises thoroughly blending Component A and Component 
B together before application of the coating composition and then applying the coating composition to a substrate 

and curing the coating composition; 

wherein Component A comprises an acrylosilane polymer consisting essentially of 35% to 75% by weight, 
based on the weight of the acrylosilane polymer of polymerized monomers selected from the group consisting 
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of alkyi acrylatss, alkyi methacrylates each having 1 to 8 carbon atoms in the alkyi group and styrene, 20% 
to 40% by weight, based on the weight of the acrylosilane polymer of polynnerlzed monomers selected from 
the group consisting of hydroxy alkyi methacrylates and hydroxy alkyi acrylates each having 1 to 4 carbon 
atoms in the alkyi groups, and 5% to 25% by weight, based on the weight of the acrylosilane polymer, of the 
mono ethylenteally unsaturated sllane monomer, a monomeric alkylated melamine and 0.1 % to 2% by weight, 
based the weight of Component A, of a blocked dodecyl benzene sulfonk: acid and 
Component B consisting of an organic polyisocyanate and 0.1% to 2% by weight, based on the weight of 
Component B, of an aryl acid phosphate catalyst. 

14. The process of claim 13 In which the substrate has a base coating of a pigmented coating composition. 
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